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ARTICLE INFO ABSTRACT

Keywords: Introduction: Severe COVID-19 cases have a detrimental hyper-inflammatory host response and different
Anakinra cytokine-blocking biologic agents were explored to improve outcomes. Anakinra blocks the activity of both IL-1a
COVID-19 and IL-1f and is approved for different autoinflammatory disorders, but it is used off-label for conditions
ml::-:;a\l/}-jis characterized by an excess of cytokine production. Several studies on anakinra in COVID-19 patients reported
Mortality positive effects. We performed a meta-analysis of all published evidence on the use of anakinra in COVID19 to
investigate its effect on survival and need for mechanical ventilation.
Methods: We searched for any study performed on adult patients with acute hypoxemic failure related to 2019-
nCoV infection, receiving anakinra versus any comparator. Primary endpoint was mortality at the longest
available follow-up. Adverse effects, need for mechanical ventilation and discharge at home with no limitations
were also analysed.
Results: Four observational studies involving 184 patients were included. Overall mortality of patients treated
with anakinra was significantly lower than mortality in the control group (95% CI 0.14-0.48, p<0.0001).
Moreover, patients treated with anakinra had a significantly lower risk of need for mechanical ventilation than
controls (95% CI 0.250.74, p=0.002). No difference in adverse events and discharge at home with no limitations
was observed. The Trial Sequential Analysis z-cumulative line reached the monitoring boundary for benefit and
the required sample size.
Conclusions: Administration of anakinra in COVID-19 patients was safe and might be associated with reductions
in both mortality and need for mechanical ventilation. Randomized clinical trials are warranted to confirm these
findings.

Introduction detrimental hyper-inflammatory host response to the virus, which is
reminiscent of the cytokine storm which develops in macrophage acti-

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vation syndrome or after chimeric antigen receptor T-cell treatment,
affected 104.956.439 people worldwide and caused the death of with massive release of pro-inflammatory cytokines [2,3]. Thereby,
2.290.488 as of February 7, 2121[1]. Life-threatening cases of the treatment with cytokine-blocking biologic agents was explored in order
coronavirus disease 2019 (COVID-19) are typically characterized by a to reduce mortality of patients with COVID-19 and hyper-inflammation
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[2].

Targetable cytokines involved in the pathogenesis of lung inflam-
mation in COVID-19 include IL-1, IL-6, tumour necrosis factor, GM-CSF,
and interferon y [2,4,5]. Already during the early phases of the
pandemic, the IL-1 inhibitor anakinra emerged as a candidate treatment
to quench hyper-inflammation and reduce mortality in COVID-19 [6].
Anakinra is a recombinant form of the naturally occurring IL-1 receptor
antagonist (IL-1Ra), a regulatory molecule blocking the activity of both
IL-1a and IL-1p [7]. It is approved for the treatment of rheumatoid
arthritis and autoinflammatory disorders; however, it is mostly used
off-label for the treatment of conditions characterized by excess cytokine
production [7,8]. Of note, anakinra was previously used to treat car-
diopulmonary insufficiency [9-12], as well as macrophage activation
syndrome and septic shock [13,14], both catastrophic conditions
sharing clinical and molecular features with COVID-19
hyper-inflammation.

Several studies evaluated treatment with anakinra in COVID-19 and
reported encouraging effects on mortality [6,15-19]. Nevertheless, use
of anakinra in COVID-19 remains empirical. Potential benefits arise
from inhibition of a pivotal cytokine found upstream most
pro-inflammatory cascades, and include suppression of systemic
inflammation, control of fever, reduced infiltration of myeloid cells into
the lung, and reduced exudate formation into the alveolar spaces [20,
21]. Potential harms may follow inhibition of a beneficial host inflam-
matory response aimed at controlling viral replication, as well as clinical
risks related to immunosuppression in general.

Despite increasing use of anakinra to treat severe COVID-19, it re-
mains to be determined whether IL-1 inhibition confers an advantage
over standard management alone, while no evidence from randomized
clinical trials is currently available. To address this critical question, we
conducted a meta-analysis of all published evidence on the use of ana-
kinra in patients with COVID-19 and hyper-inflammation, to investigate
whether IL-1 inhibition had beneficial effects on survival and need for
mechanical ventilation.

Materials and methods
Search Strategy

Eligible studies were individually searched in Embase, PubMed,
BioMedCentral, medRxiv, bioRxiv and the Cochrane Central Register of
Controlled Trials (CENTRAL) by two investigators (LP, GL). The full
PubMed search strategy ((Anakinra OR Kineret) AND (COVID OR
coronavirus OR SARS-CoV-2) NOT (animal[mh] NOT human[mh]) NOT
(comment[pt] OR editorial[pt] OR meta-analysis[pt] OR practice-
guideline[pt] OR review[pt]) aimed to include any studies ever per-
formed with anakinra in COVID-19 patients. Backward snowballing was
also employed (i.e., looking through ef references of collected articles
and relevant reviews) and international expert were contacted for
additional studies with no language restriction.

Study Selection

Firstly, references were individually explored at a title/abstract level
by two investigators (LP; GL) and controversies were settled by agree-
ment or by mediation of a third author (GC), if necessary. If potentially
eligible, references were retrieved as full articles.

Inclusion criteria suitable studies were: adult COVID-19 patients
treated with anakinra with no restrictions on dose or time of adminis-
tration; patients admitted either in ordinary ward or intensive care unit
(ICU). Exclusion criteria were overlapping publications (inthis in that
event we  cited the first article published but we collected data from the
paper with the longest available follow-up), non-adult patients, case-
report and missing data on all of the following: mortality, need for
mechanical ventilation, occurrence of bacterial infection, markedly
elevated serum transaminases, rate of thromboembolism. Two
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investigators individually estimated compliance to inclusion criteria and
choose studies for the final analysis, with controversies settled by
agreement.

Data Abstraction

Data on baseline, procedural, and outcome were individually
retrieved by two investigators. In case of missing data, two or more at-
tempts at contacting corresponding authors were made. The primary
endpoint of our study was mortality rate at the longest available follow-
up. Adverse effects, need for mechanical ventilation, occurrence of
bacterial infection, markedly elevated serum transaminases and rate of
thromboembolism, discharge at home with no limitations were also
analysed.

Assessment of risk of bias in included studies

The risk of bias of non-randomized studies was appraised according
to the Risk Of Bias In Non-Randomized Studies Of Interventions
(ROBINS-I) tool [22,23], with controversies settled by agreement or by
mediation of a third author.

Data Analysis and Synthesis

Analyses were performed with Review Manager version 5.4. Statis-
tical heterogeneity was measured with Cochran Q test, setting the level
of statistical significance at 0.10 (for a two-tailed test). Statistical con-
sistency was calculated with 12, according to the formula: I> = 100% X
(Cochran’s Q, heterogeneity statistic — degrees of freedom).

Binary outcomes from single studies were analysed to calculate in-
dividual and pooled risk ratio (RR) with pertinent 95% confidence in-
terval (CI), by means of inverse variance method. In case of low
statistical inconsistency (1% <25%) or high statistical inconsistency 1
>25%) a fixed effect model or a random-effect model (which better
accommodates clinical and statistical variations) were respectively
applied. For continuous variables, mean differences (MD) and 95% CI
were calculated for using the same models. Sensitivity analyses were
done by sequentially removing each study and reanalysing the residual
dataset (producing a new analysis for each study removed). The level of
statistical significance was set at 0.05 (for a two-tailed test). Unadjusted
p values were reported throughout.

A pre-specified Trial Sequential Analysis (TSA) was performed on
primary outcome. We estimated the required information size on the
calculated minimal intervention effect, considering a type I error of 5%
and a power of 80%. The accumulating number of included patients
were reported on the x-axis. The cumulative Z-Scores were reported on
the y-axis and represented the statistical summary of the gathered data.
The aligned brown lines indicated the conventional levels to discrimi-
nate statistically significant results (a constant Z value of 1.96, repre-
senting a p value=0.05). The blue line was the incremental Z curve and
represented the growing volume of information added by published
trials, each square indicating a single study. Trial sequential boundaries
(the curved lines at the upper and lower left-hand corners) represented
the sequential analysis thresholds for statistical significance. The red
diagonal lines between the aligned brown lines represented the futility
boundaries.

This study was registered on PROSPERO (CRD42020196808) and
performed according to The Cochrane Collaboration and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines
[23,24].

Results
Study characteristics

Database searches, snowballing, and contacts with experts yielded a
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total of 35 articles. Excluding 20 non-pertinent titles or abstracts, we
retrieved in complete form and assessed 15 studies according to the
selection criteria (Fig. 1). Eleven studies were further excluded because
of our prespecified exclusion criteria: five case reports [25-29]; four
case-series with no comparators [15-17,30]; two because including
patients treated with anakinra before COVID-19 infection [26,31].

The four manuscripts included in the present meta-analysis involved
184 patients (111 received anakinra and 73 received standard treat-
ment)[6,18,19,32]. (Table 1) No randomized clinical trials were iden-
tified and all studies were retrospective. Characteristics of included
studies are presented in Table 1. (Table 1) Clinical heterogeneity was
mostly due to inclusion criteria, duration of anakinra administration and
standard treatment. (Table 1) Overall risk of bias of included studies was
high. (Supplemental material)

Quantitative Data Synthesis

Overall mortality of patients treated with anakinra was significantly
lower than mortality of patients in the control group (11/111 [10%] in
the anakinra group vs 30/73 [41%] in the control group, RR=0.26 [95%
CI0.14 to 0.48], p for effect <0.0001, p for heterogeneity 0.79, 12~ 0%).
(Table 2; Fig. 2) Results were confirmed at sensitivity analysis per-
formed by sequentially removing each study and reanalysing the
remaining dataset. (Supplemental material). Switching from fixed to
random effects model made no difference to the estimates.

Moreover, patients treated with anakinra had a significantly lower
risk of need for mechanical ventilation than controls (18/111[16%] in
the anakinra group vs 26,/73 [36%] in the control group, RR=0.45 [95%
CI 0.25 to 0.82], p for effect=0.008, p for heterogeneity 0.29, 12= 19%).
(Fig. 3) Results were not confirmed at sensitivity analysis. (Supple-
mental material)

The number of patients discharged from hospital with no limitations
was available in only two studies and similar between groups. (Table 2)
No differences in rate of bacterial infection, thromboembolism or
elevation of serum transaminases were found. (Table 2).

Switching from fixed to random effects model made no difference to
the estimates. Visual inspection of funnel plot did not identify a skewed
or asymmetrical shape, excluding the presence of small publication bias.
(Supplemental material).

The TSA z-cumulative line reached the monitoring boundary for
benefit and the required sample size. In fact, the z-cumulative line lied
outside the horizontal brown lines. Therefore, conventional meta-
analysis demonstrated statistical significance. Moreover, TSA showed
that we achieved the required information size to determine the antic-
ipated effect on mortality with certainty. (Supplemental material)

35 manuscripts retrieved
from database searches and
additional hints

20 articles not eligible for inclusion (not
relevant to the study question)

15 manuscripts eligible for inclusion
and detailed assessment to the
selection criteria

11 articles excluded because of prespecified
criteria

\4

4 articles finally included
in the analysis

Fig. 1. Flow diagram for selection of articles.
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Discussion

This meta-analysis of non-randomized cohort studies is the first to
investigate the effect of IL-1 inhibition with anakinra on overall mor-
tality and need for mechanical ventilation in patients with COVID-19.
Across comparative, non-randomized studies, administration of ana-
kinra was safe and associated with significant reductions in both mor-
tality and need for mechanical ventilation. These findings are of great
interest because safe and effective treatments to inhibit inflammation
and reduce mortality are needed in COVID-19, and because the safety
and efficacy of anakinra in quenching hyper-inflammation are docu-
mented extensively in multiple diseases other than COVID-19 [9].

The pathogenesis of COVID-19 involves an exuberant, maladaptive
inflammatory response, which is mirrored systemically by elevations in
serum C-reactive protein. [2,3,5] Inflammatory responses to lung dam-
age are centrally mediated by IL-1a and IL-1f: these two cytokines have
different, non-redundant pro-inflammatory functions, as IL-la is
released by damaged epithelial and endothelial tissues and triggers
inflammation, whereas IL-1§ is produced by infiltrating myeloid cells
and propagates inflammation [33]. The main physiologic mechanism
preventing excessive inflammation driven by either cytokine is the IL-1
receptor antagonist (IL-1Ra), which blocks the receptor transducing the
pro-inflammatory effects of both IL-1a and IL-1p. [20,21] In patients
with acute respiratory distress syndrome (ARDS), evaluation of serial
bronchoalveolar lavage fluids for cytokine concentrations reveals that
increases in IL-1p herald disease onset; however, an increase in IL-1Ra
eventually follows, which provides an endogenous regulatory mecha-
nism for dampening excessive inflammation in the lung [34].

Anakinra is a recombinant form of IL-1Ra and the first-in-class IL-1
inhibitor drug. It is approved for the treatment of rheumatoid arthritis
and autoinflammatory disorders [9,35], but it is used off-label for the
treatment of multiple conditions characterized by excess cytokine pro-
duction, including critical disease states [7,11,12,36,37]. Notable ther-
apeutic applications include macrophage activation syndrome, a
condition sharing similarities with COVID-19 and hyper-inflammation
[13,38,39], as well as cytokine release syndromes following infection
in predisposed patients (i.e. patients with autoimmune and rheumatic
conditions).[40-42] In addition, re-analysis of data from a phase 3
randomized controlled trial of anakinra in sepsis confirmed survival
benefits in patients with features of hyper-inflammation [14]. A good
safety profile and a short half-life of 3 hours, which ensures rapid
clearance from the circulation, contribute to making anakinra a suitable
treatment for critically ill patients [9]. Based on these features, anakinra
was among the first cytokine-blocking agents evaluated for the treat-
ment of COVID-19, as documented by multiple reports [6,15-19].

Clinical trials of anakinra are ongoing. Other strategies to quench IL-
1-mediated inflammation in COVID-19 undergoing controlled testing
include oral inhibitors of the NLRP3 inflammasome, which is respon-
sible for the processing and activation of IL-1p prior to secretion by
myeloid cells [43]. Of note, a monoclonal antibody selectively blocking
IL-1B (but not IL-1a), canakinumab [44], was also evaluated in a RCT of
COVID-19 (NCT04362813), which did not meet the primary efficacy
endpoint of a greater chance of survival without the need for invasive
mechanical ventilation, or its key secondary endpoint of reduced
COVID-19 mortality, compared with the standard of care [45]. Potential
reasons for the lack of efficacy of canakinumab in this trial include the
potential role of IL-1a in the pathogenesis of COVID-19. Also, although
inclusion criteria included serum CRP and ferritin levels, the thresholds
set for enrollment were relatively low (C-reactive protein >20 mg/L or
ferritin level >600 pg/L) and thereby not necessarily indicative of
hyper-inflammation in all patients. Alternative cytokine-blocking agents
used to treat COVID-19 include tocilizumab and sarilumab, monoclonal
antibodies blocking the IL-6 receptor, whose use in uncontrolled as well
as controlled settings yielded less convincing results [46-49]. The
anti-GM-CSF agent mavrilimumab also emerged as a promising option in
preliminary observational studies, and is presently in controlled trials
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symptoms, and a
concordant pneumonia
on low-dose computed
tomography (CT) scan,
scored from O to 5
according to the
severity. Between the
5th and 13th days of the
diagnosis, the patients
presented severe
hypoxia requiring
oxygen therapy and
were classified as stage
2b or 3, according to the
2020 clinical staging
proposal. Anakinra was
started with a rapidly
deteriorating condition
consisting of increased
oxygen requirement of
>4 L/min within the
previous 12 h, and CRP
above 110 mg/L with or
without fever higher
than 38.5°C.

Adults patients with
COVID-19 ARDS, and
hyperinflammation:
increase in serum C-
reactive protein (>100
mg/L) or ferritin (>900
ng/mL), or both.
COVID-19 was
diagnosed by
quantitative RT-PCR
and either chest
radiography or CT.
ARDS (acute-onset
respiratory failure with
bilateral infiltrates on
chest radiography or
CT, hypoxaemia
([Pa02:Fi02] <200 mm
Hg with a positive end-
expiratory pressure
[PEEP] of at least 5 cm
H20), and no evidence
of left atrial
hypertension.

Adult patients with
severe COVID-19-
related bilateral
pneumonia; SARS-CoV-
2 infection confirmed by
either a positive result
from an RT-PCR assay
or a typical aspect on CT
scan of the lungs;
bilateral lung infiltrates
on a lung CT scan or
chest x-ray; and had
critical pulmonary
function defined by
oxygen saturation
<93% under >6 L/min
of oxygen or oxygen
saturation <93% on 3
L/min with a saturation

days, then tapered
to 200 mged—1
for 2 days, and
then 100 mg for 1
day

High-dose Until sustained clinical
anakinra: benefit: 75% reduction
intravenously ata  in serum C-reactive
dose of 10 mg/kg  protein and

per day (5 mg/kg sustainedrespiratory
twice daily, improvement (PaO2:
infused over 1 h), FiO2 >200 mm Hg) for
in addition to at least 2 days, or until
standard death, bacteraemia or
treatment. side-effects arousal.

Subcutaneous 10 days
anakinra at a dose

of 100 mg twice

daily for 72 h,

followed by 100

mg daily for 7

days, in addition

to standard

treatment.

37

Table 1
Description of the studies included in the meta-analysis.
First Year Setting Inclusion criteria Anakinra Control Anakinra dosage Duration on study Comparator Follow-
author patients patients treatment up
Cauchois 2020 Ordinary ~ Adult patients with a 12 10 nfused 8 days Standard treatment: 20 days
R ward positive PCR for SARS- intravenously (i. antibiotics and
CoV-2in v.)over2hasa hydroxychloroquine.
nasopharyngeal single daily dose Two patients received
samples, respiratory of 300 mg for 5 ritonavir/lopinovir.

Standard treatment and 21 days
continuous positive

airway pressure (CPAP)

outside of the ICU; no
anti-inflammatory

agents or

glucocorticoids.

Standard treatment Hospital
included oral stay
hydroxychloroquine 600
mg/day for 10 days, oral
azithromycin 250 mg/

day for 5 days, and

parenteral p-lactam

antibiotics for 7 days. All
patients received
thromboembolic

prophylaxis. No oral
corticosteroids or

vasopressors were used,

but some patients

received an intravenous

bolus of

methylprednisolone (500

mg). Supportive care

included low-flow or

(continued on next page)
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Table 1 (continued)
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First Year Setting Inclusion criteria Anakinra Control Anakinra dosage Duration on study Comparator Follow-
author patients patients treatment up
on ambient air high-flow oxygen
decreasing by 3% in the therapy (>6 L/min with
previous 24 h. high-flow nasal cannula
or face mask). None of
the patients had invasive
or non-invasive
mechanical ventilation at
baseline.
Navarro- 2020 Ordinary ~ Adult COVID-19 11 3 Subcutaneous Maximum 20 days Standard treatment: Hospital
Millan I ward patients with molecular anakinra 100 mg methylprednisolone, stay
documentation of SARS- every 6 hours; empiric antibiotics and
CoV-2, fever however, while a hydroxychloroquine.
(documented or uniform
historical), ferritin treatment plan
>1,000 ng/mL with one and secure supply
additional laboratory of medication was
marker of being established,
hyperinflammation, and the first two
acute hypoxic patients were
respiratory failure treated initially
(requiring either 15 with doses below
liters (L) of the proposed 100
supplemental oxygen mg every 6 hours.
(02) via non-rebreather The dosing
mask combined with 6L frequency of
nasal cannula or >95% anakinra was
oxygen by high flow gradually
nasal cannula. decreased to
every 8, 12, and
24 hours.
Table 2
Outcomes.
Outcome Number of included studies Anakinra patients Control patients RR 95% CI P for effect 12 (%)
Overall studies 4 111 73
Mortality* 4 11/111 [10%] 30/73 [41%] 0.26 0.14 to 0.48 <0.0001 0
Need for invasive MV* 4 18/111 [16%] 26/73 [36%] 0.45 0.25 to 0.82 0.008 19
Bacterial infection 3 9/99 [9%] 2/63 [3%] 1.59 0.35t0 7.16 0.55 7
Thromboembolic events 3 13/99 [13%] 7/63[11%] 1.35 0.58 to 3.12 0.35 0
Elevated serum transaminases 3 13/99 [13%] 9/63 [14%] 0.81 0.21 to 3.13 0.11 55
Discharged from hospital with no limitations 2 20/47 [43%] 6/19[32%] 1.29 0.61 to 2.74 0.50 0
RR: relative risk; CI: confidence interval; P: p-value; MV: mechanical ventilation
" Additional data provided by corresponding author (Navarro-Millan)
Anakinra Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cauchois R 0 12 1 10 4.5% 0.28 [0.01, 6.25]
Cavalli G 3 36 7 16 27.0% 0.19 [0.06, 0.64] —
Huet T 7 52 22 44 66.4%  0.27[0.13,0.57] ——
Navarro-Millan 1 11 0 3 2.1% 1.00[0.05, 19.96]
Total (95% CI) 111 73 100.0%  0.26 [0.14, 0.48] o
Total events 11 30
Heterogeneity: Chi? = 1.04, df = 3 (P = 0.79); I> = 0% ’0_005 031 110 200=

Test for overall effect: Z = 4.31 (P < 0.0001)

Fig.

2. Forest plot for mortality.

Favours [Anakinra] Favours [control]

Anakinra Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cauchois R 2 12 4 10 13.9% 0.42[0.10, 1.82] -
Cavalli G 5 36 1 16 7.5% 2.221[0.28,17.52] —
Huet T 6 52 18 44 35.3% 0.28[0.12, 0.65] —
Navarro-Millan 5 11 3 3 43.2% 0.52[0.26, 1.07] ——
Total (95% CI) 111 73 100.0% 0.45 [0.25, 0.82] -
Total events 18 26
Heterogeneity: Tau? = 0.07; Chi? = 3.71, df = 3 (P = 0.29); I> = 19% IO m 051 150 100’

Test for overall effect: Z = 2.64 (P = 0.008)

Favours [Anakinra] Favours [control]

Fig. 3. Forest plot for need for invasive mechanical ventilation.
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(NCT04397497) [4]. Corticosteroids, which non-selectively inhibit
cytokine production, were evaluated in the massive RECOVERY trial and
found to reduce mortality compared to usual care alone, and became the
standard of care for moderate-to-sever COVID-19 [50,51].

The positive findings of this meta-analysis are to be interpreted with
caution in view of the high risk of bias (i.e. single-center study bias,
small study bias), as well as the limited number and uncontrolled nature
of the included studies. Moreover, we acknowledge that another
important bias is the fact that the severity of illness seems to have gone
down during the pandemic. Therefore, just treating patients later in the
course inserted a bias favoring lower mortality in the later cohort.[52]
Of note, when compared to mortality rate of COVID-19 patients included
in high quality randomized clinical trials, we found that mortality rate in
the control arms of the included studies was notably high and may well
represent biases in the selection of patients related to many factors (i.e
inclusion criteria, difference in diagnostic yields, epidemiology of the
infection and availability of other treatments).[50] In particular, it
should be underlined that these cohort studies were completed before
the widespread use of remdesivir and dexamethasone [50,53-55].
Furthermore, the dosage regimens for anakinra varied across studies,
ranging from high-dose intravenous administration in the study by
Cavalli et al., to relatively low dose subcutaneous administration in the
study by Huet et al. [6,19]. The timing of administration also differed
between studies due to practical reasons, although all investigators
shared a conceptual attitude towards the earliest possible administra-
tion. For these limitations, no indication on which anakinra regimen is
most suitable for COVID-19 can be extrapolated from these studies. Also,
a limitation of the present study is the lack of a standardized cortico-
steroid regimen among the usual care. Since corticosteroids became the
standard of care for COVID-19, future studies of IL-1 inhibitors will have
to prove incremental benefit over corticosteroid treatment. Of note,
previous evidence of incremental efficacy of anakinra over corticoste-
roids comes from macrophage activation syndrome, a
hyper-inflammatory condition sharing similarities with COVID-19 [56],
and myocarditis [57,58]. Another limitation of our analysis is that, due
to the lack of adjustment in the primary studies we were not able to
adjust for potential confounders and, therefore, the effect of anakinra on
mortality could be either over or underestimated.

Strengths of this study include the timely and systematic review of an
emerging therapeutic strategy for a new disease; comparison of anakinra
to standard of care throughout all studies; and evaluation of clear-cut,
clinically relevant outcomes such as mortality and need for mechani-
cal ventilation. Moreover, despite the limited number of included
studies, TSA showed that our data were convincing enough to prove the
effect.

Clinical trials of anakinra in COVID-19 are ongoing (i.e.
NCT04443881). If ever available, controlled evidence from these in-
vestigations will supersede currently available observational evidence.
However, it should be noted that ongoing clinical trials of anakinra lack
a shared core set of inclusion criteria as well as clear-cut outcomes,
which is likely to yield inconclusive or conflicting results.[59] Also of
note, while obviously superior to observational studies at generating
evidence, randomized clinical trials are not nearly as pragmatic under
emergency circumstances: controlled evidence may only become avail-
able after the cusp of the pandemic, with limited impact on patient
management.[60] In this meta-analysis of low-quality available evi-
dence, anakinra seemed to be associated with reduced mortality and
need for mechanical ventilation, without safety concerns. These findings
are in line with, and add robustness to, the increasing number of real-life
reports of the clinical usefulness of anakinra for the treatment of patients
with COVID-19. High-quality randomized clinical trials are urgently
warranted to confirm these positive findings.
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